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WELLBORE CASING 
Cross Reference To Related Applications 
This application claims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbare casings, and in particular to 
wellbore casings that are formed using eapandahle tubing. 

OonventionaUy, when a wetlbore is created, a number of casings are 
5 installed in the borehole to prevent crfbpee rfthe borehole waB 
undedr^ outflow of drillm^ 

formation into the borehole. The borehole Is drilled in interval whereby a caring 

which is to be installed in a lower borehole intervals towered thro^ 

installed casing of an upper borehole interv^ Ab a omsequence of this procedure 

10 the casing of the lower interval is of Hmallerdianieterthan the casing of the up^ 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole waU to seal the cas^ 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heary casing handling eo^ 
drill bits and increased volumes tfdnffing fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

He present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbere* 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is pro vided that includes installing a tubuto 



in the boreholr , nurctiTicfhii d H r m a te" ** ™**> the borehole, and radially agpnndinfr 
the liner in the borehole by extruding the Hner off cffte mandrel 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole affarmt to the alrrefo **™*"ig rasing. A tubular lmer and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
m annular region between the tabular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A mm hardenable fhiidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular Knar is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenab le fhiidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured . At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
maridi^ a tubular member, and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The shoe is coiipled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable inandrel, a tubular member, a shoe, and at least one sealing member. 
Thewxppoitinemberinduto 

flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel end includes one or more sealing 
elements. The Bboe is coupled to the tubular member and Includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
6 foreign material into an interior region of the tubular member. 
According to another aspect of the pi^^ 
a second tiibnlar inambar to a fir* 
having an inner diameter greater 
member, is provided that incft^ 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the second tubular mcinbcr is extruded off of 
the mandrel into engagement with the fat tabular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular xnemb 
at an end portion of the annular member. 

According to another aspect of the present mvantion, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fiuidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie^^ 
lining an existing weHhore casing is provided that mcludes a tabuto 
annular body of cured fliridir wiling material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tub ular Boer. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular xnamber and a shoe. The support numbering 
passage. The mandrel is coupled to The mandrel includes 

30 a second fluid passage operahjy coupled to the first fluid passage, an interior 
portfon,andime2teriorport^ lie interior portion of the mandrel 
The tabular member is couple The shoe is coupled to the tubular 

-3- 



member. The shoe j™-hidg* a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
trie shoe is drillable. 
Brief Description of the Drawings 
5 HG. lis a fragmentary 

section of a well borehole. 

FIG. 2 is a fragmentary nosa-sectional view flluBtratii^ the placanent of an 
embodiment of an apparatus for creating a casin g within the new section of the 
well borehole. 
10 naSUafragmentarycn^^ 

first q uantity of » hardenable fMdk eaaling material into the new section of the 
weU borehole. 

FIG. 3a iff an fragmentary cro^ sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 

15 the weB borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic seaUng material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary croas-sectic*^ view 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embcxiiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embcjdhnent of 
25 the apparatus for creating a casing within a well borehole . 

FIG . 8 is a fragmentary cross-sectional illustration of the pla ce m ent of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred emb odi m ent of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectoral ffiustxation of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIO. 10a is a cross-sectional flhaatratkm of a wellbore ™^vtinc a pair of 
adjacent overlapping casings. 

FIG. 10b is a rnKs-eectkraal illustration of an apparatus and method for 
creating a tie-back li ner using an *gp<mftfKiQ t ab ul ar member . 
S FIG. 10c is a crosa-sectional illustration of the pumping of a fiuidic sealing 

material into the annular region between the tabular member and the existing 
easing 

FIG. lOdisacrosa-sectionaimustratkmc^ interior 
of the tubular member below the mandreL 
10 FIG. lOe is a croes*ectianal flhutratum of the extrusion of the tubular 
member off of the mandreL 

FIG. lOfisacrwBection^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
25 created using an expandible tubular member. 

FIG. 11a is a fragmentary crosa-aectional view illustrating the drilling of a 
new section of a wen borehole. 

FIG. lib isafragmoitarycross-flectfonal view ilhistrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within tto 
20 ofthewrfl borehole. 

FIG. 11c is a fragmentary croetraoctra 
a first quantity of a hardenable fltitHm sealing material into the ncrr ccction of the 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 
FIG. lie is a fragmentary eroaMectian^ 
a second quantity of a hardenahle Onidic — mntrrtnl into the new section of 
the well borehole. 

FIG. llf is a fragmentary erose-a ectional view Ohistrating the completion 
30 of the tubular liner. 
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Detailed Description of the Illustrative I&nbodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tabular member . The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further m*"*™**** the reduction in the hole size of the 
wellbore casing necessitated by the addition of new Bections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
Hner to be created by extruding a tubular member offof a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an «T* fffr n g tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the ap p aratu s is composed of materials that 
permit the interior portions to be removed usfog a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for frfmgmg an expandable tubular liner in a 
30 wellbore 1b also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring inttia Qy to Figs. 1-5, on embodiment of an apparatus and method 
for forming a weUbore casing within a subterranean formation will now be 
described. As fllustxated in Fig. 1, a wallbore 100 is positioned in a subterranean 
formation 105. The weUbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weUbore 100 into the aubterranean formation 105, 
a drill string 125 is used in a well known manner to diffl out niaterial from the 
subterranean formation 105 to form anew section 130. 

AsfflustratodmFig.2,anairoaiatm 
10 asimtenaneanfoainationisthenpoaitumedm 

100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
ftndpaasage2a0,aflridpasgage235,a^ 
member 250. 

15 The e xpan dable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is pieferaluyadai>tedtocentrollabb/ 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially * CT " 1, « htA tnpmnJM? mand rels mnHH«j ;™ 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandrel 205 oomnrisea a hydnmHc Brpannion tool as 
diiiclosed in VS. Patent No. 6,848,095. the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 210 is supported by the expands The 
26 tubular member 210 is expanded in the radial direction and extnided off of the 
expandable mandrel 205. The tabular member 210 may be fabricated from any 
number of conventional com mer cial l y available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), IS chroinhnn steel tubing/casing, or 
plastic tubing/casing. In a preferred ernbodirnant, the tubular member 210 is 
30 fabricated from OCTG in order to nmxinnrastxengto after expansion. The inner 
and outer diametera of the tubular member 210 may range, for example, from 
approximately0.75to47incbfiBandl.05to48m In a preferred 



embodiment the inner and rwitArdigmfltgrBof the tubular member 210 range from 
about 3 to 16.5 inches and 3*5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 

is slotted, perforated, or otherwise mo^ifiedtocatchordowdo^theniandrel205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
frft fht ri gg of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phxg available from Halliburton Energy Services in Dallas, TX, modified in 

20 ftffi?rdnnre wtt* teachingsofthe prwmt dfaelomre, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a p r ef erred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable Culdlc sealingmaterial into the 
region outside the shoe 215 and tubular member 210. In a prefe rr e d embodi ment , 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed ofTby introducing a plug, dart and/or ball sealing element s 
into the fluid passage 230. 
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The lower cop seal 220 is coupled to and supported the support member 
260. The tower cap seal 22 Q prevents foreign m«t»™U firm mtering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercial^ 
5 available cop seals aucb as, fe example, TP 

(Sffjcupamodifiedm ^ 
a preferred embcxliinent, the k?w^ 
from Halliburton &ier^ 
material and contain a hnfjy nf h irr riryn t 
10 The upper cup ee^ 225 iacou^ 

250. Trie taiper enseal 225 prevent 

region of the tubular member 210, The upper cup seal 226 may comprise any 
numb er of conventional cornmerdally available cup seals such as, for example, TP 
cups or STP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred enibodiment, the upper cup seal 225 comprises a SIP 
cup, available fxcmH^ 

block the entry of foreign materials and contain a body of lubricant. 

The flnid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tub ular mffmW 210 below the expandable T"?tirtrel 
20 205. The fluid passage 230 is coupled to and poattcmed within the support 
member 260 and the expandable mandrel 206, The fluid passage 230 preferabry 
extenctefromapc*itto 

mandrel205. The fluid passage 230 is preferabry position^ 

the apparatus 200. 
25 The fhiidpaaaage 230 is pre^^ 

operation, to transport materials such as drilling mud or formation fluids at flow 

rates and pressures ranging from ahemt Q tn 3,000 gnnnm^fn^ fmd Q to 9,000 

pri in order to minimize drag on the tubular member being run and to ™mmii«. 

surge pressures exerts 
30 and lead to hole collapse. 

The fluidpassage 235 pennitsflnidic Tnitterials to be released from the fluid 

passage 230. In this manner, during placement the apparatus 200 witlun the 
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new section 130 of the weUbore 100, fluidic materials 256 forced up the fluid 
passage 230 can be released into the welibore 100 abate the tabular member 210 
thereby mmiTnigiTig surge pressures on the welibore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passag e 235 is preferably positioned substantially orthogonal to the centeriine 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to amvey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 galkm^minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to minimi** surge pressures on the 
15 new wellbore section 130. 

He fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
co mmunicatio n with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed m 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fhiidicry isolated from the region exterior to the tubular member 2 10. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substa nti ally 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxiea at flow rates and pressures ranging from about 0 
30 to 3,000 gaUons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 arid the new Bection 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed offby introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tulmJarmonbex210. Theacate 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlappmgjcdnt betvreen the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be uuidicry sealed. The seals 246 may comprise 
any number of conventional commercial^ available seals such as, for example, 
10 le*d, limber, Tefi^ 

the preeent disclosure. In a preferred embodiment, the aeaU 245 ai* molded from 
Stratalo<iepoxy available from HaHDnn^ Energy Service m 
to optimally provide a load bearing interference fit between the end 2flQ the 
tubular member 210 and the end 270 of the existing casing 115, 
15 In a preferred embodiment 

a sufficient frictional force to support the expanded tubular member 2 10 from the 
existing casing 115, In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210* 
20 ITie support member 260 is cwniled to 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annu lar member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weUbore 100. In a preferred 
embodiment, the inippiirt member 2^ 
25 centralizers (not Illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quairiity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion 
rfthe expandable mandiel 205 ia to Thehibricaiit275ma^ 
30 number of conventional commenaaUy available lubricants such as, for example, 
Lubriplat^cJunrra 

(3100X In a preferred embodiment, the hxbricant 276 comprises Climax 1600 
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Antbaexe (3100) available from Climax Lubricants aimEquipment Co. in Houston, 
TK in order to optimally provide optimum lubrication to fedliate the expansion 

process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the rem aiiiing portiops of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material doygingthe various flow passages and 
valves of the apparatus 200. 

In a preferred w nW^^ j before «r *ft«- i writin nmy the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated In order to ensure that no foreign materials ere located within the 
weflbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a h ardenable 

fluidic sealing material 30 5 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exita the apparatus 200 and fills the annular region 
815 between the exterior of the tubular menmer 210 and the m 
new section 130 of the wellbore 100* Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 
25 pressure* and flow rates ranging, for example , from about 0 to 5 MO pai and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and cperating pressures 
vary as a function of the casing and wellbore sixes, wellbore section length, 
av ailab le pumping equipment, and fluid properties of the fluidic material being 
p umped The optiintunftowrate and operate 
30 usin g conventional empirical met h o ds. 

The hardenable fforidk sealing material 305 may comprise any number of 
conventional commercially available hardenable flnidic sealing materials such as, 
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for example, dag mix, cement or ©poxy. In a preferre d embodiment, the 
hardenahle fluadic sealing material 805 compriaes a blended cement prepared 
specifically for the particular weU section beu^ Halliburton Energy 

Services in Dallas; IX in order to provide optimal support for tubular meinber 210 
5 while also nrantauiirig optimum flow characteristics so as to inminme difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement ia preferably determined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in 
10 sufficient ywntitif« to enmra tha^ npon radbil Mpmri^ farMar member 
210,theaniiularregkm815crfthane^ 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 mpoat^ Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 305, apm^ 

fluid passage 240 thereby ftaidicry isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a non-hsrdenable fhiidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 210 will 
25 not c ontain significant a mou n t s of cured material 305. This reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may Ha iwH HiTT^g 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, the tubular 
mem ber 210 is extruded offof the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximate*/ the same rate as the tubular 



-13. 



member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new weUbore section 130. In an alternative preferred embodiment, 
the extrusion proce ss is commenced with the tubular member 210 positioned atxrre 
the bottom of the new weObore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore flection 130 under the force of gravity. 

The plug 405 is pref erab ly placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The ptug 405 preferably acts to flmdicfr isolate the hardenable fluidk 
10 sealing material so* fam the mm hardenahte flnidfc material 806. 

The plug 405 may comprise any number of cmivculi o n al commercially 
available devices from pluggmgafhiid passage such as, fox cxample,Mnltipie Stage 
Cementer (MSO latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified m accordance with the teachings of the present disclosure. In 
15 a preferred embodiment,^ 

from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from a{mroximately 400 to 10, 000 psi and 30 
20 to 4,000 gallona/min* In this manner, the amount of hardenable fluidic sealing 
material wi thin the interior 310 of the tubular member 2 10 is mmimhyd In a 
preferred embodiment, after placement of the prog 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 gpiirm^ftnln fai order tn maximise the extrusion speed* 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tabular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, tbe type of lubo 

of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the tamer diameter, and the greater the yield strength ofthe tabular member 210. 
then the greater the operating pressures rwjoiied to ertnide the tubular mimiber 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tabular member 2 10 
5 off of the expandable mandrel wfll begin when the pressure of the interior region 
810xeac^tocanaii|iHappRndaiatB^600to94)OOpBL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of Urn expanded portion of the tubular member 210 at rates ranging, for 
example, ftronaboutOtoSfVsec. Inapwtewdeinhodmient.dnringtha extrusion 
10 process, the expandable mandrel 2CW ianuaed out ofthe expanded pension of the 
tubuuu-manibar210at rates ranging fr^ 

the time required for the expansion process while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 

16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 anil preferably contact the mterior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlappingjomt. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pat In a preferred embodhnent, the contact pressure o 

20 joint ranges from approximately 400 to 10,000 pai in order to provide optimum 
pressure to activate the annular sealing members 24S and optimally provide 
resistance to axial motion to accommodate typical tensile and con^mssrve loads. 

The overlapping joint between the section 410 of the existing casing 116 and 
the section285 of the expanded tam 
25 and flukhc seal Insparticnlarfr preferred the sealing -nfinlrmi m 

optimidly provide a fmidk 

In a preferred embodiment, the opereJtagpxeesureandftowrateo 

hardenaMefhiidicmate^ 

205 reaches the end p^ inthis 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the experidabfemand^ ma 
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prpfprrpd wnhmtiiwmt, diR operating pressure is reduced in a gubstantialfr linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the abode caused by the sodden rel^ 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operation*. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the weDbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

16 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
t hfm anyunrm*d rywtinn of t he ma ter ial ans within the ex panded tubular member 

20 210 ia then removed in a conventional manner such as, for example, cirealating the 
uncured material out of the interior of the expanded tabular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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la a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 farinrtes one or more scaling members 605 and one or 
more pressure relief hold €10. In thia manner, the overlapping joint between the 
lower portion 270 of the casing 1 16 and the upper portion 260 of the tubular 
5 member 210 it pressure-tight and the pressure on the interior and exterior 
surfaces of the tabular member Qifl »»*qflflHff>d durfagthft flxt r»«M*n process. 

In a preferred wnhoriimftnt, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 

10 members 605 are b<R2dedarmoId^ 

260 of the tubular member 210. The pressure relief boles 610 are preferably 
positioned in the list few feet of the tubular member 210. Ibe pressure relief 
holes reduce the operating pressures require to eaqwnddie upper portion 260 of 
the tabular member 210. This reduction in required operating pressure in turn 

15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velodty in tu^ 

entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
20 e xp a n d able mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 726, an upper cup seal 730, 
a M passage 735, a fhiid passage 7^ 

750 , an overshot c onne ction 755, another support member 760, and a stabilizer 
765. 

25 The ex p a ndab le mandrel 705 is coupled to and supported by the support 

member745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controDably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of coirventional coinmerciafly available expandable mandrels 

30 modified in accordance with the teachings of the r«-m* disclosure. In a preferred 
embo dimen t, the expandable mandrd 705 comprises a hydraulic expansion tool 
substantial^ as disclosed in U A Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference , modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from 

any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment! once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 716 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics* In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p r e fe rred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular croaB»sectian. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tabular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity cf the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
begiwungmthevicfari^ ofthe 
5 tubular member 715. 

In a preferred einbodiment, tte 
the tubolar member 716 ia greater than the wall thicknesses th^n*^^^ 
and lower sections 810 and 816 ofthe tabular meiaber 716 m 
fariBate the ini ti at i o n ofthe extrusion process and optimalfr pe rmit the apparatus 
10 700 to be positioned in lo ca t i on* in the weHboxe having tight ckarancea. 
m crater diameter and wan thieknaaatf 
tabular meniber 716 niay range, 

to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of theup|)eraect^ 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thicknessof the intermediate aection 810 ofthe 
tubular member 7 16 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the miter diameter and 
waU thkbiess of the intenn^ 
20 from about 3.5 to 19 inches and 1/6 to UJ6 inches, respectively. 

The outer diameter and wall thickness of the tower section 816 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3,6 to 19 inches and 1/8 to 1 inches, respectively. In a particularly 
prm^mrienibodiment,^ of the tubular 

member 715 ia further increased to increase the strength ofthe shoe 720 when 
drillable materials nidi as, for trample, aluminum are used. 

The tubular member 7^ In 
30 a pi^erred embodiment, the end 

perforated, or otherwise modified to catch or alow doro 

completes the extrusion of tubular member 716. In a preferred einbodBurent, the 
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length of the tubular member 7 15 is limited to minimize the possibility ofbucklmg. 
For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
6 member 715. The shoe 720 includes the fluid passage 740. In a pr e fer re d 
embodiment, the ahoe 720 fur^ 

jet ports 835. In a particularity preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 
10 preferably includes a body of solid material 840 for incmnfring the strength of the 
shoe 720. fa a pa r ti cu l arly preferred embodiment, the body of solid material 840 

The shoe 720 may comprise way number of conventional commercially 
available shoes such as, for exanmla, Super Seal U Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified m accordance wiOi the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the fa^hfaga of the present disclosure, in order to optimize 

20 guiding the tubular member 7 16 in the wenbore, optimize the seal between the 
tabular member 715 and an axiatm^ 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 706. The lower 
cup seal 725 may comprise any number of conventional cxmmierriaEy available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachingsofthepresentdisdosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX. in order to optimally provide a debris 
barrier and hold a body of hibricant 
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The upper cup seal 730 is coupled to and supported by the aupport member 
760. The upper cup sea] 730 prevents foreign materials from entering the interior 
region of the tubular member 715. Tbe upper cup seal 730 may comprise any 
number of conv entional rninmerei alrv available cup aeals such as, fiw emmp to, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teacbings of Uie present iaclosure. Inapreferredembodbnem^ the upper ccp seal 
730 compriaea a SUP cup avnfl»M»> fmm Hnn^rtrTi Energy Scrviccc in Dalian, TX 
in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits flnirtic materiala to be transported to and 
10 from the interior i moon of the tubular member 71fi h» W th» j^^.ku nm^] 
70S. The fhuVi passage 735 iaflnid^ couple The fluid 

passage 736 is preferably coupled to arid posWe^ withm the support i 
760, the aupport member 746, the mandrel container 710, and the expandable 
nundrel705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expnn rfnblo mandrel 705. Tbe fluid passage 735 
is preferably positioned akmg a centeriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 tn 3,nnn ^Unr^in^t* 
and 500 to 9,000 jxri in order to provide sufficient operating pressures to ertrude 
20 the tubular member 715 off of the expandable mandrel 705 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new aection of a wellbore, fluldic materials forced up the 
fhnd passage 735 cim be released into tlie wein^ 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the aupport member 260. The 
pressure release passage ia further fhiklkty coupled to the fluid passage 735. The 
pressure release passage preferably incudes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated mc> The 
30 pressure release passage ia preferably positioned aubstantially orthogonal to the 
centeriine of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to Twfriirw™ surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic commnniratinTi 
with the interior regton of the 

705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other m™n*r device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby blo<£ farther pas In this manner, the interior 

region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicry isolated from the regkm exterior to the tubular member 715. 
Tliis permits the interior region of tte tubular insmbex 715 below the 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such aa cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gauons/minute and 0 to 9,000 psi in order 
to optimalry fill sn annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials, la a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member . In this manner, the fluid paasage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer red embodiment, the apparatus 700 farther indude a one or ira 

seals 846 coupled to and supported by the end portion 820 o f the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
620 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Quididy sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 



present disclosure. In a pref erred embodiment, the seals 845 comprise 
molded from StxataLock epoxy amiable from Halliburton Energy Services in 
Dallas, IX in order to optimally provide a hydraulic aeal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 
5 existinfcasin? with optimal load bearing capacity 
715. 

InapreferTedembodfa 
frictional force to eapport the expended tubular member 715 from the existing 
casing. In a preferred embodime nt, the frtetk^ 
10 ranges from about 1,000 to 1,000,000 Ebf in order to optimally support the 
expanded tabular member 715, 

The support member 746 to 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section ofaweilbon. Tne support meinber 746 may 

number of conventional commercially available support members such as, for 
example, gteel drill pipe , coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disdOBure. In a preferred 
rnnbodrmertt, the support member 745 comprises qmventional drill pipe available 

20 from various steel mills in the United States. 

In a preferred embodiment* a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 7 10 within the interior of 
the tubular member 716. In this manner, theextrusion of the tubular member 715 
off of the expandable mandrel 705 ia facilitated The kbrkant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chtarine based lubricants, oil based lubricants, or Climax 
1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 (xunprises 
Climax 1500 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optanalry provide hxbricatkm to faciliate ^ p extrusion 

30 process. 

The overshot connection 756 is coupled to the support member 745 and the 
support member 760. Tbe overshot connection 755 preferably permits the support 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstaring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter at EZ Drill Setting Tool Stinger. In a 
5 pre fe rred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, IX 

The support member 760 is preferably coupled to the overshot connection 
765 and a surface support structure (not fllustrated). The support member 760 

10 preferably comprises an annular member having guffkarmt strength to carry the 
apparatus 700 into « new section of a weHbore. The support member 760 may 
comprise any number of conventional commercially available support members 
mich em, Trrr rr?™?**. drtll p*!*, eMBd taking °r other strength tubulars 
modified in accordance with the teachings of the pnwwnt dinrlomire. In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

Thb stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks m odified in accordance with the teachings 

25 of the present disclosure. In a preferred embodiment, the st abiliser 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. Tn Wff m»TMi«r, the introduction of foreign material into the apparatus 700 
is minimised. This minimises the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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Id a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weubore, a couple of weUbore volumes are circulated 
through the various flow passages of the ajmaretus 700 to order to ensure that no 
foreign material* are located within the wellbore that might clog up the various 
6 flow passages and valves of the ap p aratu s 700 and to ensure that no foreign 
material interferes with the enwnirion mandrel 70S Airing thn grpm m^ri process. 

In a preferred embodiment, the apparatus 700 ia operated substantially as 
described above with reference to Figs. 1-7 to forma new section of casing within 
a wellbore. 

10 As iIhiBtratedmr%.8>an alternate 

and apparatus described hereto ia used to repair an existing weDbore casing 805 
by forming a tubular hner 810 inside of the existing weUbore firing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative p re fer red embodiment, any number of fluidic 

16 materials can be used to expend the tubular hner 810 into intimate contact with 
the damaged section of the weDbore easing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at b(>th ends of the tabular inembermoider 
to optimally provide a fluidic seaL In an alternative preferred embo dimen t, the 
20 tubular liner 810 ia formed within ahnritoniaUy poritfar,^ pip«W™ 
aathoaeuaedtotranaport bydi omb w iaw 

in an overiappingrelationabip with the adjacent pipeline section, to this manner, 
underground pipelines can be repaired wittomtbavnigtoQlgoutsndnmlacethe 
damaged sections. 

25 In another altemativB preferred embodiment, the method and apparatus 

described harem is used to directs Ina 
preferred embodiment, an onteraimnlarlfaing of cement is not provided between 
the tubular hner 810 and the wellbore. to the alternative preferred embodiment, 
any number of fluidic materials can be ujied to espendths tubular hner 810 into 

30 mtimate contort with the weUbore 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an eipandible mandrel or pig 906 t and a shoe 
908. Tn a pn»r^r'*^ ^K^fm«nt ) the <terign «^ eanakncBatL of thg mandrel 906 
5 and shoe 908 permits easy removal of those elemenla by drilling them out. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably in dudes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tabular member 902 is preferably extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croas-aectian. 

In m particular)? p re fe rr e d embodiment, an eatpanda blatabular member 915 
is coupled to the upper portion 910 of the expandabk tidmlar member 902. During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the interior region 9W of the tubule 
902. The tubular member 915 preferably hasasubstantiaUy annular cross-section- 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of ths tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 Inaparticularly prefer^ 

point ranging from about 40.000 to 135,000 psi in order to optimally provide 
a pp ro xim ately tba same yield p The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 
30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular memb ers 
902 and 9 lo are limited to minimize the possibility ofbuckhng. For typical tubular 
member mate rial b, the combined length of the tubular members 902 and 915 are 
fordted to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tabular member 9TO^ 
the shoe 908 by a threaded connection 968, The intermediate portion 912 of the 
tubular member 902 preferabr/ is placed in intimate sliding contact with the 
mandrel 906. 

Hie tubular member 902 may be fabricated from any number of 
10 conventional commeraaDy available materials such as, for example, oilfield 
tubulara, low alloy steels, titannjm or sinless steels. In a preferred embodiment, 
the tubular member 902 ia fabricated trxnn criffieJd tabular* in order to optimally 
provide Bmpr oxnnatej y the sameme chanka l pjuperfjfiflafltlietohtibrrmATri>>i>yO]fi 
In a particularly pi eferred embodimemX the tabular member 902 has a plaa ticyieM 
15 point ranging from about 40,000 to 136,000 pai in order to optimally provide 
approximately the same yield properties as the tabular member 915. 

Tne wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 may range, for exa^ 

inches. In a metered emhodimAnt the wall tHini™^ «f *Ha upper, inten^^fr, 
20 and lower portkma,910, 912 

1/8 to L25 m order toeptmu^ provide wrf 

the tubular member 915. In a pmfermd embodiment, th» wttll qkirim^ of the 
bwer portion 914 is less than or equal to the wall thickness <rf the 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the 910, 912 

and 914crf the tabular m 

inches. In a preferred ftmhodunimt, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tabular member 9 
SO 3 Mi to 19 inches in order to optimally provide the ability to expand the most 
commonly used oflfieM tubulars. 
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The Length of the tubular member 902 ia preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 end a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rrnnpriwpfl fKlfadrf Hmintry Tnbiitor Good* availahle from various U_S. ateel milbt 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 preeentdiadoeure, Inaprefarredenibodim^ 

Oilfield Country Tubular Goods available from various 118. steel mills. 

The various elements of the tabular member 902 may be cour^ us 
number of conventional p rocess such as, for example, threaded connections,, 
welding or n nn4ifa«d from one piece. In a pr e f erred embodiment, the various 

15 elements of the tabular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connecti on s , 
welding or from one piece. In a preferred embodiment, the various 

20 dements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an iniierstring adapter 918, 
a fluid passage 918 r an upper guide 920, and a cxmpmig 922. During operation of 
the apparatus 900, the support member 904 preferabry supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oflfidd 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The imierstring adaptor 916 preferably is coupled to and supported by a 
amventioiial drill string support fiw a surface location. The innerstrmg adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Thefhri4pag8agB918iaprengfab^ 
to aiid torn the apparatus 900. In a preferred einbcdime^ 
isfhudicry coupled to the lloid passage 952. In a prefei^ embodiment, the fluid 
10 passage 918 ia mad to crrany hurAmnhU <hMi+ ^^g^^^ to ^ ^ 
apparatus900. Inapextjcularfrmefeu^ 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure during pcw ftion i n gofthea In a preferred 

embodiment, the fluid passage 918 is positioned along* a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 ia selected 

to permit the conveyance of haxdenable ffaktir materials at operating pressures 

ranging from about 0 to 9,000 paL 

The tipper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferably w 
20 witototltttabiilar 

ofconventkmalgn iq>i D « np^ 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

iunexstringadapter available nx>m Halliburton Energy Services m 

to optimal^ guide the apparatus 900 within the tubular member 915. 

25 Tlwcouplmg 922 couples tte support member 904 to 

coupling 822 preferably comprises a conventions 

The various elements of the support me 
number of amvem^onal processes such as, for example, welding, threaded 
collections or inachined fromonepiece. In a preferred enibodiment, the various 

80 elements of the support member 904 are coupled naiuj threaded 
The maixdrel 906 irofer^ 
expanirion»ne 928, alow 



934, an extension eleeve 936, a spacer 938, a housing 940, a sealing aieev* 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator steeve 948, a gi^ 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, hibricator ileeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the hibricator mandrel 
946, and the hibricator sleeve 948. The rubber cup 926 prevents the entry of 
ffrrttigT) *P "tp" »1 frfn *h» * ntmnr region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conv ent i on a l 
commercially available rubber cups such as, for example, TP caps or Selective 
15 Injection Packer (SIP) cup* In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly prefer red embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiaeke 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of COTwnt 932 , the lower guide 934, the extension sleeve 9S6 f the bous^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retamer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented l^r the bo^y of cement 932, the housing 940, end the upper cone 
retainer 944. 

The expansion cone 928 preferal^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. Hie wall t hi c k n es s of (be expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
t h ickn ess of the expansion cone 928 ranges from about 0.25 to 0. 75 inches in order 
to optimally provide adequate compressive strength with nunimal ™*»^rfa1 The 
10 maximum and minimum outside diameter s ****** »«pw^ 928 m^y ran ge, 
for example, from shout 1 to 47 inches. In a pr e f erred embodiment, the maximum 
and mmhnuracnrtaide diameters of tte 3,5 
to 19 in order to optimal^ provide expansion of 

The erpanmon cone 928 may be fabricated from any number of conventional 
15 commercially available materials such a*, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and ahrarinn rFHrigftmre 
The surfam hardness of the outer surface of the exparakm crmg m*y r^ga f« r 
example, from about 60 BockwellC to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardnes s of the outer surface of the expsnsion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface ami a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 9S0 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercial^ available materials such as, for example , ceramic, tool 
steel, titanimn or iow alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Themirfacehardiiesec^theoutCTmirl^ofthe 
lower cone retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 980 ranges from about 68 Rockwell C to 62 RockweD C 
5 in onier to optimally In a preferred embodiment, the 

lower cone retainer 930 is heat treated to optimally p 

and a resilient Interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In aprnfaxied embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are farmed u in integral 

of eampoaente sad increase tte The outer 

surface of the lower cone retainer 930 prefei^^ mates with the inner surfecea of 
the tufa 1 ?** members 902 and 915. 

The body of cement 932 is positioned within the interna* of the mandrel 906. 

15 The body of cement 932 provides an toner beiningBtjuctiiie for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

T%e body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
tome other drillahle metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of the ar 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fibricated from any number of conventional 
r ™T,™»T«ni.Uy »v»nAhlg materials such as. for example, oufield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricatadfrom low alUry steel in order to opthnally provide hi^i yield strength. 
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The outer surface of the lower guide 934 prefcrab fy mates with the inner surface 
of the tubular member 902 to provide* eliding fit 

The extension sleeve 938 is coupled to the lower gmde 934 and the housing 
940. During operation of the apparatus 900, the extension aleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The eriraakm sleeve 986 preferably has a wihrrtnntiRl annular CTosa-cectiocL 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for wamplf, oilfield 
tubular*, low alloy steel or stainless steel In a preferred embodiment, the 
10 PTtPnsfon sleeve 936 is fabricated rrom towalkry steel in order to optimally provide 
highyieM strength. Theeatersnrfeceoftte 

with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 9ra and is adar^ to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 962 into the fluid passage 962. 
20 Preferably, the spacer ftM >>a« « substantially rninnlsr frrmoiicctioiL 

The spacer 938 may be fabricated from any number of conventional 
co mmer cially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated tr^ in 
order to cptimalry provide drfllability. The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealmg sleeve 942 are fm 
to reduce the number of comjxmento and increased 

The housing 940 is coupled to the extension sleeve 936, 

expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus 

motion of the e xp ans ion c on e 928. Preferably, the housing 940 has a substantially 
annular crosfi-fiectkm. 



-33- 



The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934 f extenMonaleeve 936 and housmg^ 
are formed as an integral one-piece element in order to mirtrmitp the number of 
eomponezxta and increase the strength of the apparatus. 

In a partmrWry prpfm^ embodiment, the interior surface of the housing 
940 includes one or more protrusions to fodHate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support memb er 904 using 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, a hunmnm or cast 
iron. In a preferred embodiment, the Bealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the Bealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facDiate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimiz e the 
number of components. 

lie upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing aleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axiri 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in o^ 
6 cone retainer 944. 

In a partimlarfr piefeiTBd embodiment the upper cone retainer 944 has a 
cross-eectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimise the 
10 amount of material that vrould have to be drilled oul 

The fabricator mandrel 046 is cc^q^ to the retainer 9M t the nibbwc^ 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred mnhodhnent, the lubricator mandrel 946 is 
20 fabri cat e d from aluminum in order to optimally provide driUability of the 
lubricator mandrel 946, 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 928, theupper cone retainer 944, the Id 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular croas-sectian. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from ahnrannm in order to optimally provide d riUab ility of the 
lubricator sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. Tha fabricator sleeve 948in 

926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902 . 

The guide 950 is coupled to the fabricator mandrel 946, the retainer 924, 
and the fabricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904, Preferably, the 

10 guide 950 ha* a substantia^ 

The guide 950 may be fabricated from any somber of conventional 
annmerdaDy available material* such as, for example, steel, aluminum or cast 
iron. In a p re fer red embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drittability of the guide 950. 

15 The fluid passage 952 ia coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus BOO. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 

20 and flow rale ranging from aboutO to 9,000 psi and 0 to 3,000 gallonMnin in order 
to optimally provide prefigures and flowrate* to dis p la ce and dicn l a ta 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 

25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to fa cil it a te the extrusion and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially grmtiW cross-section. 

The housing 954 may be fabricated from any number of conventi o nal 
commer cially available materials audi as, for example, steel or aluminum In a 
5 preferred embodiment, the housing 954 is f a brica te d from aluminum in order to 
optimally provide driHabilitv of the ho using 854 

Inaparticul aifrp re fia in^ 
954 inc lud es one or more protru^m* tn farflbrtA th* mum^ n^ fagtyeen the body 
of cement 966 and the housing 954, 
10 The body of ce ment 9 56isconpled to die housing flfti, unrii^^in^ntp^ 
958. In a preferred embodiment, the oompoaitkmoftliebocbrof cement 956 is 
selected to permit the body of cement to be eaafly drilled out using conventional 

drilling mnrhrno* mtf pyr wHy pfl 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfll ab b 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hanknable fluidic material from the flnid passage 952 into the fluid pas sage 962 
and then into the outlet jets 964 in order to iiuectthehardenableCuidicnmterial 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900,tl» sealing sleeve 958 further 

25 indudeaaninletgeometx^ 

lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fhiidicfy isolating the 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 animlarciwsectian. The seeding sleeve 958 m^ be feh^ 

of conventional c ommercial ly available materials such as, for example, steel, 
aluminnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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" fabricated from aluminum in order to optimally provide drillabiHty of the sealing 
sleeve 958, 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one ox more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
material from the fluid passage 962 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the appar atu s 900, the sealing sleeve 960 further indudea an inlet 

10 geometry that permit* a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicry isoiatmg the interior region ^ In 
a preferred «™Mttirm>nt, m* «f th« extension **the> 960 mates with one end of 
the spacer 938 in order to optimally f adiiate the transfer of material between the 

15 two* 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 maybe fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fab ricated from aluminum in order to optimally provide driDability of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one ox more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 
25 p referred embodiment, the fluid passage 962 is positioned about the centedrne of 
the apparatus 900. In a particularly preferred cnibodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging about 0 to 9,000 psi and 0 to 3,0M 
provide fluids at operationally efficient rates. 
30 The outletjets 964 are coupled to the aealing 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferabry convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a phmlily of outlet jeta 964. 

In a preferred embodiment, the outlet jets 964 campra 
the housing 954 and the bo^ 
5 of the apparatus 900. 

The various elementetf the 
conventional process such as, for example, threaded connections, cement or 
machined from one pfe** m*tm*i In a prefe rred embodiment, the various 
ele me n t s of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described abow with reference to r^ 
weflbore or to repair a weffi>OTe casing or pipeline. 

In particular, hi order to extend a we 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a weHbore casing in a subterranean 
formation is then positioned in the new section of the weflbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916, Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumjjedn^ The 
hardenable fluidic spaHpg material th*n pawfrw from the fluid passage 918 into the 
interiar regkm 966 of the tubular zaember 902 below the mandrel 906. The 
hardenable fluidic sealing- material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fhiidk sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fills an annular region bet ween the 
exterior of the tubular memb^ 

wellborn Continued numriingof the lun-dim Alii ftmrKn -^Hng^ ^grisl cguoca tho 
material to fill up at least a portion of the amnifar region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular regkm at pressurea and flow ra^ 

5,000psiaxKl0tol,500ga^ In a preferred Embodiment, the 

hardenable fluidic wvilingmaterial is pumped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wallbore to collapse. The optimum pressures and How rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epcxy. In a preferred embodiment, the 
hardenable fluidic sealing materia] comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas* TX in order to optimally provide support for the new tubular 
member while also msrntnfnfng optimal flow characteristics bo as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section oftheweUbore will be 
filled with hardenable material. 

20 Once the annular region has been adeo^te^ filled with hardenable fhi^ 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhikiicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or 974, or other jdniflar device, preferably is 
introduced into the fluid passage 962 by mtrcKhicing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurised, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portion* of the tubular members 902 and 915 using 
the support member 904, Duringthis extrusion process, the8hoe908ispreferably 
substantial^ stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 9 74 into the fluid paBaage 918 at a sur^ location in 
a conventional manner. The plug or dart 974 may y^prififf any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three- wiper latch down plug modified in accordance 

the present disclosure. In arireiqrred rnnhfKtimrnt, the pfagor rf*rt oni on^pri^ 
a MSG ktch«down plug avaflahle from Halliburton Energy Services in nr 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pirmped into the interior region 966 at 
15 pressures and flow rates ranging from approxiiaately 600 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximate In a preferred 

embodiment, theaxtrusfcmtfthetubiU^ 

906 begins when the pressure of the mterior region 966 reaches approximately 
1*200 to 6.500 psi with a flow rate of about 40 fa 1250 gaHon^nimite, 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp an de d portions of the tabular members 902 and 915 at rates ranging; for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

90 permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a r d enab le fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the t^ularm 
915 will preferably contact the interior surface of the tower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from apprarimately 50 to 20 r 000 paL In 
a preferred embodiment, the contact pressure of the overlappmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing inembers and provide optimal resistances^ 

10 the tubular number 915 ar^ 
compressive loads* 

In a preferred embodiment, the operating preseure and ftow rate of the non 
hardenable fluidic material will be controUab^y ramped down when the mandrel 
906 readies the upper end portion of the tubular member 915. In this manner, the 

15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operatic 
rate of the hardenable fluidic sealing material and/or the nun hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Aheinatm^,orincombm 

member 904 in order to absorb the shock caused by the sudden release of pre^^ 
Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate tlm mandrel 
906* 

30 Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. ma preferred embodiment, either before craiter the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the e a stin g 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and tlie tower portion 
of the existing casing ia satisfactory, than the uncured portion of any of the 
5 hardenable Qnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Ttw haidanahte fluidic *+*Jmg material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wallbore is then allowed to cure. 

Preferably aiy remaining onied harienanle fhiidic sealing matoud within 
10 the interior of the expand 

conventional msmw usinga conventional drill string. The resnlting new section 
of casing preferabry include* the expand^ 

outer annular layer of cured hardenable fluidic sealing materiaL The bottom 
portion of the apparatus 900 comprising the ehoe 908 may then be removed by 
15 drilling out the shoe 908 using conv ention al d rilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary toremove the entire ai 

to a malf un ct ion. In this drrnmBfanro n conventional drill wiring is used to drill 
oat the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for rumple, cement and 
aluminum, that permtt a conventional driD string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 90S, including cms or more of the body of 
cement 932, the spacer 938, the nealing sleeve 942, the upper cone retainer 944, 
the hibricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the aealing sleeve 95^ arai t^ 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling n^ apparatus. In this maimer, in the event of a 

malfunction downhole, the apparatus 900 may be easily removed from the 
wellborn. 
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Referring now to Figs, 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbare wiQ now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1 002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 pirferabr/ includes a tubular 1008 and a cenient 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-ll£ 

10 In a particularly preferred embodiment, an upper portion of the tabular 
liner 1012 overtops witha tower porti on of the tabular finer 1008. la apaiticularry 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie4»ckhner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1186, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the t e a chin gs of the preset 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorporated herein by reference, 
present disclosure. 

SO The tubular member 1110 is coupled to and supported fry the expandable 
mandrel 1105. The tubular member 1105 

extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chrommm tubing or plastic piping. In t preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
Tbe inner and outer diameters of thetubularmember 1110 may range, for 
5 example, nxnnappgvnriiiM^ 
In a p re fe r re d embodiinent» the inner and cuter diameters of the tubular member 
1110 range from about S to 16 Ji inches and 3^ to 16 indie^ respective^ moruer 
to optinial^provkbcD^eragB ibr tyr^i dJBOd rpfting mm The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tabular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular memb er 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
16 the length ofthe tubular member 1110 is pren^fyumted to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commerdalfr available shoes such as, for 
20 example, Super Serin fl^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an ahmiinum down-jet guide shoe with a «p*Hn g sleeve for a latch-down 
plug with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluididy 
isolate the interior ofthe tabular member 1100 after the latch dVwn plug has 
seated, and ojrtixnauy permit drilling out of the shoe 1116 after completion ofthe 
30 expansion and cementing operations. 

In a preferred embodbnent, the shoe 1115 mcbdes one or 
ports 1 140 in fluidk communication with the fluid passage 1135. In this manner, 
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the shoe 1115 injects hardensble fluidic sealing material into the region outside the 
shoe 1115 and tubular member 11 10. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid p assages 1 1 40 each having an inlet geometry that 
can recerve a and/or a baB sealing member. In this manner, the fluid passages 
5 1140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1 130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 

ffllfh flp y f™» -rgimnplA, TP rvtpm ar StAackm Injection FWkw ctrj* m*>dlfe>d in 

accordance with the teachings of the presen t disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel HQS. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeriine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galkmatamute and 0 to 9,000 pai in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flrudic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phj^, or 

passages 1140 to thereby block further passage of ftuidk materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicty isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tabular member 11 10 brfow 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 axe preferably selected to convey materials 

10 audi as ceinent, drilling nn^ 

about 0 to 3,000 giflonMnhmt* and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member 1110 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fhiid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1 140. that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 1 1 10 
to be fluidicjy isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a tower end portion of the 
tubular member 1110. The seals 1 145 are farther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlappingjoint between the upper end portion oftheasuig 10 12 and the low 
end portion of the tubular member 1110 to be flnidicry sealed 

The seals 1145 may comprise any nmnber of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment, the seals 1145 comprise asalsmolded from Btratalock epoxy av ailab le 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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bydrailksaalinthAOveriappi^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient frictkmalfore tubukrmember 1110 from the 

5 tubular liner 1008. Ina pi c f ene d embc<iiinent, to fHctbnal fo r c e p ro v ided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the erpyH«3 tubular member 11 10. 

Hie support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus UOOintd'thewenbore 1000. In a preferred embodiment, the support 
member 1160 ftirther includes one or more con v entional centralism (not 
illustrated) to help stabilise the tubular member 1110. 

In a pre f erre d embodiment, a quantity of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion ofthe tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, LDbriptetft,ffbin^ fl ^«^ frirr^**™^""** 1500 Antiseize (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from GUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apref erred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of forefgnmaterial into the apparatus 1100 is minimised. 
This nnnfarixos the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drOlable cement retainer. In a preferred embodiment, the packer 
1 165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, IX In an alternative embodiment, a high gel strength pill may be set 
below the tie-back inplace of the pac^ In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after poaitionhig the apparatus 1100 
within the weflbore 1100, a couple of weUbcre volumes are circulated in order to 
10 ensure that no foreign materials ar* located withm the wefibcra 

dog up the various flow passages and vahes of the apparatus 1100 and to enaxire 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Kg. 10c, a hardenable fhualc sealing material 1160 is then 

15 pumped ftom a surface locatian into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1 1 1 fl Iwlow th» grpfwiH^ia mflndrrl 1 IPS The material 1160 then passes 
from the interior region of the tubular meniber 1110 mto the fluid passages 1140. 
Hie material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular tiner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 

25 gaDons/min, rapaetfvefr In a preferred ""Him^* ^#^,1 1 1 cn pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties The optimum flow rates 

and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fhiidieseal^ 

conventional commercially available hMrAtmM* flnidic rrl tmg ™t*Ti*u gqch 
for example, slag mix, cement or epaxy. In a preferred enibodiment, the 
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haidanab le fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 wV 1 * mnmtjiTTimg optimum rliar«fti*rigtig» ao a& to mjninnre 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 fmnnlur region will be filled with material 1160. 

Aa illustrated in Fig. 10d, once to 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the ilnrt 

region ^f tb » fr»hnh»r m*™ W 1 1 10 from the annular region external to the tubular 

15 member 1110. In apreferred embodiment, a non hardenable fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mand^ 1105 causing the interto InaparticuJai^prelerred 
embodiment, the one or more phigB 1 166, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the nan hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

26 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1 165 into the fluid passage 1 1 30 at a surface location in a 
conventional manner The plugs 1 165 may comprise any number of conventional 
coinmerciaUy available devices from plugging a fluid passage such as, for example, 

30 brass balls, pings, rubber balla^ or darts modified in accordance with the teachfa gB 
of the present disclosure. 
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In a preferred embodiment* the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the mm 
6 hardenabie fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approtdmatefy 500 to 9,000 psi and 40 to 3,000 gallonatain. 
In a preferred f rni bodi m e Dt , after placement of the plugs 1165 in the fluid passages 
1140, the mm hardenahk fluid ic material 1161 is preferably pumped into the 
10 interior regkm of the tubu^ 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1260 
gallona/min ™ order to npfffwtflfr pmrofo extrusion flf ty pic al tubulara, 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the e xpa nd able mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 pai In a preferred embodiment, the 
extrugjon of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the eipandabk mandrel 1105 may be raised 
out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from aboutO to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1106 is raised out of the expanded portion of the 
tubular member 1 110 at rates ranging from about 0 to 2 ft/mr in nrd™- tn np timan y 
25 provide permit adjustment of operational parameters, and optimally ensure th at 
the extrusion process will be completed be^ the matei^ U60cure^ 

In a preferred embodiment, at least a portion 1130 of the tubular memb er 
1110 has an internal diameter less than the outride diameter of the nmn^ 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portto 

at least the wellbore casing 1012. faapartteoiarfrpTe^ 

is effected by compressing the seala 1016 between the expanded section U 80 and 
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the wellbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint wffl withstand typical extreme 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
leogth of the tubular member 1110 has an m 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
qpanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the ™™>gn 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provic^ pressure to activate the sealing members 1145 and 
15 prcrode optimal resistance to ensure 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion ofthe tubular member 1U0. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1106 can be minlmixH In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced ma substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 
Alternatively, ormcombiiwtion,a&^ 
member 1150 in order to absorb the shock caused by the midden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 m the upper end portion of the tubular mo m order to catch or at least 

decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the jomt between the upper 
portion of the tabular member 1110 and the upper portion of the tub ular Kng 
1 008 is satisfactory, then the uncuxed portion of the material 1 160 within the 
expanded tabular member 1110 is then removed in a conventional manner . The 
10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is them allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cored material 1160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional manner osmgacogyentfanal drill string. The resulting tie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 end an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Kg. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 

drilling out the shoe 1115 and pecker 1165 using conventional drilling methods 

» 

20 In a particularly piefe iied embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. 1 la-1 1£ an exnbodimfittt of an apparatus and method 
for hangmga tubular liner off 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellborn 1200 mr^ <^ p n masting taaed eection 1210 having 

a tubular casing 1216 and an annular outer layer of cement 1220. 
In order to extend the wefflwre 1200 m 

a drill string 1225 is used in a wall known mannrr to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 13CK)iot 

in a subterranean formation is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1300 preferably includes an ea pandab le mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fhiid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345. and a wiper plug 

1360. 

The expandable mandrel 1305 Is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the of the present disclosure. In a preferred 

embodiment, t^aM p mandrel 13Q5 comprises a hydraulic ex pansio n tool 

10 substantially as disclosed in U.& Fat No. 5*346,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1 310 is coupled to and suppor t ed by the expandable 
mandre l 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular iMmbCT 1310 may range, for 

20 ««Mwpi« ftwn approximately ft 76 to Inch** end 1 .05 to 48 inches- respectively. 
In a preferred embodiment, 

1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
t*i op timally provide minimal telwripmfrgffert in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall t hi rl mes n and outer 

30 diame ter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tabular member 1310 is less than or equal to the 
5 wall thickness of the upper and tower sections, 1865 and 1365, of the tubular 
member 1310 in order tin optimally f*rm*t* th» miHoffryn ftf thf fftruftion proconc 
and optimally permit the placement of the apparatus in areas of the w eUbo re 
having ti^it clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1865 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes tha extension of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to inmimise the 
possibility of buckling. For t^ical tubular inmber 1310 materials, the length of 
15 the tubular member 1310 is preferably limited 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferatty includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe ar guide shoe with a 
sealing sleeve for a latch-down ptog niodifled m accordant 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
a himinirm down-jet guide shoe with a sealing sleeve far alatdwlowu plug available 
from Halliburton Energy Service* in Dallas, TX, modified in accordance with the 

25 teachings of theprrgw nt discl o sure, in order to optimally guide the tubular member 
1310 into the weUbore 1200, optimally fhrioi^ 

member 1310, and optimally permit the complete drill out of the shoe 1816 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
30 outlet ports in fluidlc c omTmmicatio n with the fluid passage 1330. Inthismanner, 
the shoe 1315 preferably injects rmrdimiihl ft f>nMi^ ^l^^^ fato ^ rcgifm 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably portioned along 
a eenteriine of the apparatus 1300. The fhrid passage 1 320 is preferably selected 
to transport materials such as cement, drilling mud, or epoades at flow rates and 
pressures ranging fftm about 0 to 3,000 galloni/minnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
canmunkatkm with the interior region 1370 of the tubular member 1310 below 

20 the eqmndahle mandrel 1305. The fluid passage 1830 preferably has a oosa- 
sectional shape that permits a plug, or other shnflar device* to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In t his m a nn er, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubiilar member 1310 
below the expandable mandrel 1305 to be pressurized The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and p ress ur es ranging from about 0 

30 to 3,000 galhma/xniuute and 0 to 9,000 pst in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weObore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can rece i ve a dart and/or a baU sealing member. 

In this manner, the £hiM passage 1330 cm bo 

and/or ball sealing demote into the fluid passag e 1320. 

The fluid passage 1336 pcrmita fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1385 is coupled to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 ia preferably 
positioned substantially along the centerline of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or epoxide at flow rates and preasur e s ranging from about 0 to 3,000 
gaflona/minute and 0 to 9,000 pri in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials. 

T3ie seals 1340 are coupled to and supported tyttein^ end p<niionlS^ 

15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint betwm 

the upper portion 1355 of the tubular member 1310 to be fhridicry sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, kad, rubber, Teflon, or epoay seals modiBed in accordance 
with the teachmgn of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available torn Halliburton 
Energy Services in Dallas, TX in order to optiznaltypro^de a hydraulk: sealing 
annuhasof the overlapping joint while also creeiingoptiinal load bearing capa 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictions! farce to support the " iM^H tntmhtrmpmber 1310 from the 
existing casing 1215. In a preferred embodiment, the firicttonal fore 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1280 the weBbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centrattters (not illustrated) to help stabilize the tubular member 1310. 
6 Inaprefernriembodim^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner.theintroducto^ 

This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign n^ 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tabular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
co mprise one or more conventional commercially available wiper plugs such as, fbr 

15 example, Multiple Stage Cementer latch-down p latch-down plugs or 

three-wiper Latch-down plug modified in accordance with the teachings of the 
present disclosure. Inapreferr^embocUment,the wiper phig 1350 coinprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305* 

In apreferred embodiment, before or alter positioning to 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process* 

As illustrated in Kg. lie, a hardenabte Guidic Bealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the Paid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 than passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 13 10 aj^ 

1200. fWjrniftH prmpmg r>f tliA mafprtfll 1 3fl0 raiififtA the material 1 330 fiTl np 
at least a portion of the annular region 1390. 
5 Hie material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gnllong/mm , respec tiv ely. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to S000 psi and 0 to 1,500 gnllonaAnni, respectively, in order to optimally 

10 fill the annular region between tbetwbular member 1310 and the new sect^ 
of the wellbore 1200 with the hardanable floMlc sealing material 1380. 

The hardanable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenabteihiidic sealing materials sudbas^ 
for example, slag mix, cement or epoxy. In a prefer red embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cement s designed 
specifically for the weUBection be 

Services in order to optimally provide support for the tabular member 1310 durir^ 
displacement of the material 1380 in the annular region 1390. like optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferabfcr is filled with the material 1380 in 
gnffldent quantities to ensure that, upon radial expan sio n of the tubula r member 
1310, the annular region 1390 of the new section 1230 ofthewellbore 1200 wfll be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other amailaT device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 
fluid passage lagnhy « mm ^tttri^K^fl^^ Tnat^iii i«n The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in fig. lie, in & preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper plug 1350 causes the w^i^ 1360 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper phig 1360 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and fiaidkfr isolating the interior region 1370 of the tubular 
member 1310 from the aimular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. Dmmgtheextrusirap 

1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345- 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the (hiid passage 1320 at a surface tocation 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially avai^ 

for example! Multiple Stage Ceinenter latch-down plugs. Omega latch-down phifes 
or three wiper Utch-down r4ug/dartmodh1ed in accords 
15 the preeent disclosure. In a preferred embodimen t the wiper dart 1335 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper lateh-down plug is available 
from Halliburton Energy Services hi Dallas, 

After bloddng the fluM passage 133^ 1330 and wiper 

20 dart 1396. the non hardenable fluidic material 1381 maybe pnmped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pei and 0 to 1,500 gallonfl/mrn in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 iSlOismtaimixecL 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximately W 
40 to 3,000 gsllons/min in order to optimally provide operating pressures to 
30 maintain igpgnrinn process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diameter, wall 
thickness of the tubular member, geometry ofthe mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. Hie optimum flow rate and operating pressures are preferably 
determined wring con* **"**™*! pynp j y jfal method s . 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 5 fi/sea In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the process 
before curing of the material 1380. 

Whan the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surfece of the upper end portion 
20 1355 ofthe tubular member liftOwffl pre 

lower end portion ofthe casing 1215 to (^sn fluid ti^ overlaying joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiments 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure KuffkAent to ensure annular sealing and provide 
enough resistance to withstand typical tansQe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure sn 
adequate ftuidic and gaseous seal in the overlapping joinL 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 har denahle f hilriicma t e ri al 1381 is gmtroDshfr ramped down wh*>n th» **Y*nA*K» 
mandrel 1306 reaches the upper end portion 1SW 
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of the tubular member 1310 off of the expendable mandrel 1305 can be minimi zed. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AlteraattVBfr, Orm fA^M""*"™, ■ «>mrJr nhanrhgr is provided in the fiupport 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in t he upper end portion 1355 of the tabular member 1310 m order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable maiidrel 1305 is 
removed bom the wellbore 1200. In a preferred embodm 
the removal of the expandable mandrel 1305, the integrity of the fhiidk seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fhiidk seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then mmrred t" «r ^r™™*™^ m»rm«r The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1 400 includes the expanded tabular member 13 1 0 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingthe shoe 1315niay then be 1315 using 

conventional drilling methods* 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that includes miftsllmga tubular liner and a mandrel 
in the borehole. A body of fluidic material is then mjected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel. 
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The injecting preferably includes injecting a hardenable fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenable fhridic material into an interior region of the 
tabular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before injecting the second 
quantity of the non hardenable sealing material into the interior region. The 
injecting the hardenable fioidic seating material is preferably provided at 
operating pressures and flow rates ranging from abo^Oto 5000 psi and Oto 1^500 
gaBonaAnixL The injecting of the non hardenable fluidic material is preferably 
10 provided at operating pressures and fk^ 

and 40 to 3,000 galtonsfrtfa The injecting of the iwm hardenable fhridte material 
is preferably provided at reduced operating pressures and flo^rates during an e^ 
portion of the extruding. The non hardenable fluidic material is preferably 
injected below t h e mand reL The method preferabfym 
15 of the tubular linear below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurized to pressures rangingfrom about 500 to 9,000 psi. 
The method preferably factories fluididy isolating an Interior regkm of the tubular 
liner from an exterior region of the tubular lino-. The method farther preferabry 
includes curing the himten able sealing materiai, and removing at least sports 
20 of the cured sealin g m a t e ri al located within the tubular liner. The method Anther 
preferably includes overlapping the tubular liner wi^ 

The method farther preferably includes sealing the overlap between the tabular 
liner and the existing wellbare casing. The method farther preferably includes 
supporting the extruded tartar liner using the overlap with the <rrifdiT> z wellbore 
25 casing. The methodfarthar preferably includes testing the integrity 

the overlap between the tubular liner and the existing wellbore casing. The 
method flrrtherpreferabfy 

ft iirt1cw*lmg materfal within the tubiJarlin^ before curing, The inet^ farther 
preferabry includes lubricating the surface of the mandreL The method farther 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the wrniplgfrm if the »rtm^ g 
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An apparatus for creating a in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe, The support memb er includes a first fluid passage. 
The mandrel is coupled to the support member and uochidea a second fluid passage- 
5 The tabular member is coupled to the mandrel TheBhoeisco^^tpthetebnlar 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inrhirifts one or more aealing members 
adapted to prevent foreign material from entering an interior regkm of the tu^ 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group wraaistiiig of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 pal The tubular 
memb er preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catchin g member at an end 
portion for slowing down the mandrel. Hie shoe preferably indudes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is drillable, 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes pos ition in g a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular meinber offof Uib maiidrel into engappTttfrnt with the first tubular 
member. The pressurising of the portion of the mterior regton of the second 
tabular member is preferably provided at operatingpressuies ranging from about 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 farther preferably includes s up porting the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandreL The method farther preferably 
includes absorbing shock. 

Alinerfaruaeincreatingaiiewsectkm 
10 formation ad j a c ent to an already existing ■sctton of wellbore casing has been 
described th at includes an annular member. Thsaxmular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
16 annular body of a cured fluidic ssaling material. The tobularliner is fanned by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably fanned by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process ofh^ecting a bocfy of ta 

region external of the tubular Hner. nm4ngtK« pr^wtrjxtpfc the interior portion 
ofthe tubular liner is preferably 

tubular liner. The interior portion of the tubular liner ia preferably pressuriied 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 

25 overly with an existing wellbore casing. The wellbore casing preferably farther 
includes a Beal positioned in the overlap between the tubularly 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weDbore casing within a 

SO borehole haabeen described that iiniudi* installing a 

within the wellbore casing, iitf ecttttgabofr of a flu idic m a t e ri al into the borehole, 
pre ssurising a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole bv extruding the liner off of the mandreL In 
a prpffriH ^twfaDont tb<> fluidicmaterial is selected from the group consisting 
of dag TTifr j cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further inclndea fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a p r efe rred embodiment, the 
injecting of the body of ffaidic materialising 

rates ranging ftom about 500 to 9,000 psi and 40 to 3,000 gallona/min. In a 
preferred embodiment, the mjectiag of the body of fluidic material is provided at 
reduced operatingpreasures and flow 

10 In a preferred embodiment, the fh^^ la 
a preferred embodiment, a region of the tubular Uner below the mandrel is 
pressurized. In a prefer red embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing weHbore easing. In a preferred embodiment, the method farther 
indudea sealing the interface between the tubular liner and the existir^ 
casing. In a preferred embodiment, the method farther includes supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
embodiment, the method farther iiichides testing the ^ 

20 interface between the tubular liner and the existing wellbare casing . In a 
preferred ^^m^f method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method farther includes catching the 
m a nd rel upon the completion of the extruding. In a preferred embodiment, the 

25 method farther includes expanding the mandrel in a radial direction . 

A tie-back Kner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular Kner is formed by the process of extruding the tubular li^ 
off of a mandr el The nm^m- body of a cored fluidic Bealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressuring 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at presanrea ranging fw>™ pfrout 
500 to 9,000 psi. In a preferred embodiment, the annularbody of acuredfhiidic 
5 sealing material is formed b^ 
sealing notarial into 

the tubular finer. In a preferred embodiment, the tubular liner overlap* with 
another existing wallbore caring. In a preferred embodiment, the tie-back liner 
farther inchidea a gealnosttaonedm 
10 other existing weDbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the ofberedsUBgwdlxm caring. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel include* a second fluid passage operably coupled 
to the fim fluid passage, an interior port^ The interior 

portion of the mandrel is drillable. The tubular member is coupiiri to t^ 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion tf the shoeing 

bearing member. Preferably, the load bearing member comprises a drillable Ixxry. 
Preferably, the exterior portion of the mandrel comprises an expansion co ne. 
Prefi^fr.tha expansion cone iato^ 

consisting of tool steaL tita nhim, nnH ceramic Prderahty, the expansion cone has 
a surface r*rdraasra»gnig firm abo^ Preferably at least a 

portion of the apparatus is drillahle. 

Although illnstrativB embodiments of the invention have been shown and 
described, a wide rangB of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting ftaidic material into the borehole; 

5 press i ri ring a portion of an interior region of the tabular liner, and 

6 radially expanding at least a portion of the liner in the borehole fay 
T extruding at least a portion of the liner off of themandreL 

U A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing , 

3 co to posm gi 

4 drilling oat a new section of the barehole a4jac^ to the already existi^ 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular finer and the new section of the borehole; 

11 flnidkfr Isolating the annular region between the tabular liner and the new 

12 section of the borehole from an interior region of the tabular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding tha tubular Htm* **tr ctthn expandable ™"Mf rftl; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between, the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenab&e fluidic sealing material from 

the interior of the tubular liner; 
curing the remai n ing portions of the fluidic hardenable fluidic sealing 

material; and 
mnovingatfeastaportion of the cured fln^ 

within the tabular liner. 

An apparatus far expanding a tubular member, comprising: 

a support member, the support member induding a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the shoe including a third fluid passage; 
wherein the first, second and third fluid passagea are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member inc lu di n g: 

a first fluid passage; 

a second fluid passage; ami 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel t^hiriing a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more Dealing elements; 
a shoe coupled to the tubular member, the shoe incl uding: 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member; and 
one or more exhaust passages counted to the fourth fluid passage far 
injecting fluidic material outside of the shoe; and 
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at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entry of foreign material into an 
interior region of the tubular member. 



1 5. A methcxi of joinings 

2 first tabular imgnber having an inner diameter greater than an aattrr Aiam*>\nj> 

3 the s e c on d tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tabular 

5 member; 

6 pressuriringaport^ 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member incl uding ; 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or inore pressure relief pas^ 
6 



1 7. A wellbore casing; comprising: 

2 a tubular liner, the tubular liner finned the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhiidkse^ 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, enmprt™ r 

2 a tubular liner, the tubular liner formed by the process of: 

3 extrading at least a portion 

4 an annular body of a cured fluldte sealing material coupled to the faikiii— 

5 li ner . 
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1 9. An apparatus for CTpywftng a tubular member! comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drulable; 

8 an mwf*ntiM* tubular member coupled to the mandrel; and 

9 a ihoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is unliable. 
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